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Precooling of Strawberries
Harold T. Barr and Wiley D. Poole
INTRODUCTION
It was recognized by Powell (6) some 35 years ago that there
was a more rapid and economical method for reducing the tem-
perature in fruit than that of using ordinary refrigerator cars.
Large cold storage plants for the storage and possible precool-
ing of fruits have been available for many years, but have been
limited to concentration points and large operators. A practical
and economical precooling system within the financial reach of the
packer at the small loading points was described by Galloway (3)
in 1929. This precooling apparatus was used in experimentally
precooling several cars of strawberries in the Carolina and Florida
sections during the spring of 1929.
A few carloads of strawberries were precooled in Louisiana
in 1932. In the 1933 season the number of precooled cars in-
creased, as the berries in precooled cars were selling at a premium
of from five to twenty-two cents per crate over those in the non-
precooled cars. Later it was found that precooling gave an appre-
ciable decrease in decay in transit, and as a result virtually all
the express carload shipments of strawberries in Louisiana have
been precooled during the 1934-39 period.
The production of strawberries in Louisiana is centered around
Hammond in Tangipahoa Parish, and the average yearly produc-
tion for the years 1930-39 was 2,848 cars (736 crates each). The
plants are set out from nursery rows in the late fall and early
winter, and there were an estimated 22,000 acres harvested in
1938, according to the Bureau of Agricultural Economics, United
States Department of Agriculture. This acreage is divided among
some 10,000 growers who depend almost entirely upon straw-
berries for their cash income and grow little or no other crops.
Louisiana strawberries are harvested from three-fourths to
full color, and are inspected by government agents upon delivery
to cars. As a rule, only U. S. No. 1 strawberries are shipped. The
unclassified and overripe ones are sold either for local consump-
tion or to the cold-pack plants. The inspection of strawberries is
compulsory and is carried out by inspectors working under the
direction of the Louisiana State Market Commission under a co-
operative agreement between the Louisiana State Department of
Agriculture and the U. S. Bureau of Agricultural Economics.
The strawberries are shipped in standard crates containing 24
wood veneer pint cups. The cars are loaded with the crates eight
rows wide and four layers high with 23 stacks per car. This puts
12 stacks in one end and 11 in the other, with bracing at the door-
way between the two ends of the load. Wooden strips are placed
crosswise of the car on each layer of crates and nailed to each crate
so as to prevent movement of the crates in the car during* ship-
ment.
From the time berries arrive at the car until they reach the
ultimate market there is a race against time. The railroads run a
special strawberry express which leaves the district about six
o'clock in the evening and maintains a schedule faster than passen-
ger service through to Matoon, Illinois, where some cars are di-
verted to the East and others go on to the Chicago district.
The more advanced the berries are in color and the nearer they
are to proper maturity for the highest eating quality, at the time
of picking, the greater is the need for precooling. The ripenmg
process continues after harvesting and may even be accelerated,
depending upon the surrounding conditions. Overholser and Moses
(5) found that the rate at which fruit ripens may be reduced one-
half for each 15-degree (Fahrenheit) drop in the temperature at
which fruit is held, within the zone of ripening temperatures.
PRECOOLING
Precooling can be defined as a form of refrigeration used for
rapid removal of field heat as soon after picking as possible and be-
fore shipping. The temperature to which a product is precooled is
generally such as will definitely retard the ripening process and
arrest or prevent mold growth. The Louisiana State Market Com-
mission requires a maximum temperature in the doorways of 45°
F. for strawberries in order for a car to be listed as ''precooled."
They recommend 38° to 40° as the proper temperature. Cars
thus precooled have been shipped successfully to Maine and Cana-
dian points.
Precooling makes possible the reaching of more distant mar-
kets and the marketing of vine-ripened and higher quality products
which command a premium price. It also markedly reduces the
losses from rots, molds, and overripening during transit.
Precooling Methods
Precooling may be accomplished by four distinct and different
methods: by warehouse cold storage; by spray or baths before
loading into the car ; by portable mechanical refrigeration units
;
and by means of fans, placed at the top bunker grill, after loading
into the refrigerator car.
Warehouse cold storage has not been used in Louisiana to date
except for storing cold-pack berries. Precooling by submerging the
product in cold water or passing through a spray has not been
used except during cold-packing of strawberries and with some of
the leafy vegetables such as carrots, turnips, and cabbage.
Portable mechanical refrigeration units, which are mounted on
trucks and have a refrigeration capacity of approximately 40 tons,
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have been used to a limited extent. These units are driven up to
the door of a loaded car, and two canvas ducts and a canvas cover
are placed over the entire load so as to conduct the cold air through
the load and then back over the evaporator coils. The general
charge for this service is $25.00 per car for strawberries and Irish
potatoes. The railroads have a standard charge of $5.00 per car
for the precooling privilege, regardless of whether the car is set
dry or iced for loading, when the car is moved under standard
refrigeration. This makes a total charge of $30.00 per car for pre-
cooling with the portable mechanical refrigerator unit.
Almost all of the precooling in the Louisiana strawberry sec-
tion is done with fans attached to the top bunker grill in each end
of the car. The fans reverse the natural ftow of air and utilize the
ice in the bunkers as the refrigeration medium. The fans are 18
inches in diameter and either single-phase, 1725 r.p.m., or three-
phase, 3450 r.p.m. The refrigeration capacity of this system is
determined by the cooling surface of the ice and the volume of air
passing over it. Strawberries with field temperatures below 70° F.
can be precooled in from two to three hours. With a field tem-
perature of from 70° to 80° F., precooling requires from two and
one-half to four hours. With field temperatures above 80° F., pre-
cooling requires from three to five hours.
During the past three seasons (1938, 1939, 1940) precoolers
using this method have been paid on a basis of $15.00 per car for
an average temperature of 45° F. at the doorway, or $7.50 if they
fail to get a 45° F. doorway average by the time the trains leave.
During the 1940 season some shippers and buyers on various oc-
casions asked for a precooled doorway temperature of 40° or 42° F.
With these lower temperatures they reported a better carriage of
tender berries and more ready sale.
FRUIT TEMPERATURES
The temperatures of strawberries delivered to the express cars
on the various days tests were made varied from 64° F. to 84° F.
These temperatures varied directly with the surrounding tem-
peratures. Berries picked early in the morning and delivered by
noon had a much lower temperature than those delivered later m
the afternoon.
Picking, for the most part, was done by members of the grow-
er's family, with transient white and black pickers providing the
balance of labor needed. The number of pickers varied from one
per 5,000 plants to one per 20,000 plants, with an average of one
per 12,000 plants.
The strawberry patches were picked over, in a few cases, by 9
o'clock in the morning, but in many cases not until 12 o'clock noon.
The strawberries were then carried to a packing shed or the house
for sorting and packing. It was found that after packing, 96 per
cent of all the growers stacked the crates in the shade before haul-
ing them to town.
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The time interval between picking and delivery to the railroad
cars varied from three to five hours. The time interval between
packing and delivery to the railroad cars varied from one to four
hours.
The length of haul varied from one-half to seven miles. A few
longer hauls were noted, but these were brought about by a desire
to trade with a certain association.
Various types of horse-drawn and motor vehicles were em-
ployed in hauling to the railroads, with 53 per cent of the vehicles
providing no protection from the sun and dust. The strawberries
in the crates protected from the sun averaged 31/2 degrees F.
cooler than those not protected from the sun.
The heat of strawberries may be said to be composed of ''field
heat'' and ''heat of respiration." "Field heat" is commonly thought
of as that amount of heat to be removed in order to reduce the
temperature of the product from the temperature at which de-
livered to a storage temperature. "Heat of respiration" is the heat
produced by strawberries as living substances and may be cal-
culated by measuring the rate at which carbon dioxide is given off.
The heat of respiration varies with each product and with the tem-
perature level. By starting at 32° F. and continuing up to 80° F.,
Haller (4) found the heat given off by respiration of strawberries
to be 12.8 degrees greater at 80° F. than at 32° F.


















* The number of British thermal units was obtained (1) by assuming that the heat liberated
by respiration is produced by the respiration of hexose sugar, and (2) by multiplymg
the milli-
grams of carbon dioxide produced per hour by each kilogram of raspiring materials by the
factor of 220.
REFRIGERATION
In cooling a carload of 736 crates of strawberries from 70° F.
to 45° F. it is necessary to multiply the weight of fruit in pounds
by the specific heat times the difference between the temperature
at which the strawberries are delivered and the temperature to
which the strawberries are to be cooled.
The unit of measurement of heat in the United States is the
British thermal unit (B.T.U.), or the amount of heat required to
raise the temperature of one pound of water one degree Fahren-
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heit. Most fruits and vegetables have a specific heat (7) between
.85 and .95. Most authorities use .90 to .92 for strawberries. A
typical car of strawberries will be taken as an example and cal-
culated for the amount of refrigeration needed to precool it from
70° F. to 45° F. A crate of 24 pints of Louisiana strawberries by
test weights contains 19 pounds of berries, with the crate and
boxes weighing 51/2 pounds. Thus
736 X 19 = 13,984 pounds of berries per car.
13,984 X (70°-45°) 25 x .91 = 318,136 B.T.U.
In melting, each pound of ice absorbs 144 B.T.U. ; then
318 136
^44
= 2,209 pounds of ice needed to precool the berries from
70° F. to 45° F. The above is only for the cooling of the berries
and does not include refrigeration required to remove the heat of
respiration of the berries.
As shown by Haller (4), one ton of strawberries at 70° F. will
give off an average of 1,208 B.T.U. per hour in heat of respiration
and at 45° F. will give off an average of 329 B.T.U. per hour. The
temperature of the berries, however, is not held at either of these
points, but is gradually reduced from 70° to 45° F. If this car is
precooled in two hours, then it is assumed that the B.T.U. produced
by respiration is equal to the sum of that produced at 70° F. for
one hour and at 45° F. for one hour, or a total of 1,537 B.T.U. per
ton of strawberries. Therefore on 13,984 pounds, or 6.99 tons, of
strawberries there are 10,743 B.T.U., or -^^^ = 7.46 pounds
of ice consumed by heat of respiration. This calculation has con-
sidered only the strawberries themselves; the boxes, crates, car
stripping, and bracing must also be allowed for. One crate with
its boxes weighs 51/2 pounds, which means that the weight of the
crates and boxes in a car of 736 crates is 4,048 pounds. The brac-
ing and car stripping add another 476 pounds of lumber. Thus in
an express carload of strawberries there is an additional cooling
load of some 4,500 pounds of lumber. With a specific heat of lum-
ber of approximately 0.60, an additional 470 pounds of ice are re-
quired to cool the crates, bracing, etc.
All types of refrigeration must allow for refrigeration loss, or
heat infiltration through the walls and leakage around the open-
ings. The generally accepted figure for heat leakage from a refrig-
erator car in average condition is 160 B.T.U. per hour per degree
of difference between the outside and inside temperatures. Hence,
in a two-hour period of precooling with an average difference of
19 degrees F. there is a heat loss of 6,080 B.T.U., which is equi-
valent to melting 42 pounds of ice.
Another factor that must be considered in precooling is the
heat liberated by the fan motors. The two one-half horsepower,
single-phase motors have a kilowatt input of .575 each. By experi-
mental evaluation (8) , the heat allowable for motors may be found
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by multiplying the kilowatt input times 3,412. On this basis, an
additional 55 pounds of ice will be required to overcome the heat
liberated by the two one-half horsepower fan motors.
A summary of the various items that must be considered in
precooling this carload of strawberries shows
:
^ Lbs. of ice
required
Strawberries, 13,984 pounds cooled from 70° to 45° F 2,209
Strawberries, heat of respiration from 70° to 45° F 75
Crates, boxes, car stripping, and bracing 470
Leakage or infiltration through walls and around openings 42
Refrigeration to overcome heat of two %-H.P. fan motors 55
Total refrigeration during precooling 2,851
A check made of 17 test cars showed a close correlation be-
tween the above calculation and the actual results obtained. The
average reduction in temperature throughout the 17 cars was
22.5 degrees F. and the average consumption of ice per car was
2,643 pounds.
EXPERIMENTAL WORK
The investigations on strawberry precooling covered in this
report were conducted during the 1938, 1939, and 1940 seasons.
Tests were made on regular commercial shipments in standard
express refrigerator cars and refrigerator trucks. No special
equipment was installed in the refrigerator cars or trucks, except
in some dry ice tests as will be described later.
The strawberries were delivered to the switch tracks, inspected,
and loaded direct from truck to cars. The cars were then pre-
cooled and shipped standard refrigeration.
The precooling was accomplished by a fan placed in each end
of the car at the top bunker grill. The fans were of either 16-, 18-,
or 20-inch diameter with a rated free air delivery of 4,000 to 6,000
cubic feet of air per minute. The older fans were 14- and 18-blade,
18-inch diameter, 1750 r.p.m. The newer fans were 2- or 4-blade,
18-inch or 20-inch diameter, 3450 r.p.m. The top bunker grill was
covered by a canvas baffle tacked to the ceiling, sides, and end of
the car with car stripping. The fans were mounted in metal drum
housings one-half inch larger in diameter than the fan and secured
to the center of the canvas baffle; these drums in turn were sus-
pended from the ceiling. Some precoolers hang the fan and drum
on a wire trolley. Under that method, when precooling is finished,
the fans and canvas baffle are pulled to the center of the car by
a %-inch rope and it is not necessary to get in over the load in
order to remove the fans.
The fans reverse the natural circulation of air in that they
blow the cold air over the load towards the center of the car. The
air passes down through the load, under the false floor and up
through the ice bunkers. Some operators use a canvas tunnel to
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conduct the air closer to the center of the car before allowing it
to spread out.
The canvas baffle and precooling fans were placed in the cars
before loading started. As soon as the car was loaded, the ice was
barred down, from 200 to 400 pounds of salt was added, and the
fans turned on. Cars in these tests were precooled in from 1 hour
and 40 minutes to 4 hours, depending upon the temperature of
strawberries at the start and temperatures of strawberries as
tests progressed.
During precooling tests, temperature readings were taken with
a thermocouple set. The points of the thermocouples were incased
in very thin copper tubes Vb inch in diameter and pointed for easy
insertion into the individual strawberries. That part of the point
not in the berries was covered with several layers of tape to pre-
vent the surrounding air from influencing the readings. Straw-
berry temperature readings were taken in crates midway between
the two sides of the car in the top and bottom crates at the bunker,
top and bottom crates six tiers from the bunker (cr quarter length
of the car), and top and bottom crates at the center of the car.
Temperature of the air was taken at a point one foot from the fan
if no tunnel was used. The thermocouple points were placed as
the loading progressed, and the leads were run over the load and
passed to the outside of the car through a thin protector between
the door and padded doorjamb. The individual thermocouple leads
were connected to a rotary selector switch and this in turn to a
Leeds & Northrup potentiometer. This instrument is hand stan-
dardized, with an automatic reference-junction compensation so as
to read Fahrenheit temperature degrees. Three different sets of
thermocouple (iron, constantan) points were used during the tests
and each was calibrated with a known standard thermometer and
corrections applied to observed readings. Readings were made at
15-minute intervals with the thermocouple set during precooling.
Temperatures of strawberries in top and bottom crates at the
doorway were taken at the end of the precooling period with fruit
thermometers. These latter temperatures were checked with the
inspectors' readings for this location, as this is the temperature
shown on the inspection ticket for the car.
Air temperatures in transit were secured on a few cars with
Ryan recording thermometers. In two instances an extension type
of dial thermometer was used. An attendant went with the car
and made readings at each stop.
Arrival Conditions of Strawberries
The destination of each car is seldom known until after the
strawberry auction which is held in Hammond each night during
the strawberry season. When the destination of the test cars was
learned, telegrams were sent and the cars were inspected for
temperature and conditions of strawberries on arrival at the
markets. The inspections were made either by regularly employed
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inspectors of the government or by inspectors of commercial in-
spection agencies.
A study of the records of the express company and of arrival
conditions of the strawberries at markets showed that the number
of complaints has decreased each year since 1937. Damage claims
of one type or another were filed against 7.2 per cent of the cars
in 1937, amounting to $63,173.12; this was reduced to 3.5 per cent
of the cars in 1938, amounting to $40,525.23 ; and to 3.2 per cent
in 1939, amounting to $39,340.22. These claims often are not filed
until several months after delivery, and complete records are not
available for the 1940 crop.
Table 2 shows in tabular form the types and amounts of these
claims as filed. Some small number will be paid as justifiable,
others compromised, and some will be dropped. However, each
constitutes an expense to the express company for investigation
and therefore is an item to be counted in arriving at the express
rate
New York and vicinity wants a 48- to 50-hour delivery, so as
to get the berries on the market, from eight to ten o'clock on the























Honrs of PreCO a//
Fig. 1.—Strawberry and air temperature during precooling in express car
N.R.C. 798 at Ponchatoula, La., April 15, 1939. Four hundred pounds of Grade
No. % salt and 3000 pounds of ice were used in precooling. Car was shipped to
New York City and was in transit 65 hours. New York City inspection showed
few soft and decayed berries; less than 1 per cent soft and less than 1 per cent
decayed. Average New York City temperatures showed berries in the top crates




















































































































































such a schedule, and a 55- to 60-hour delivery often results in the
berries being held over until the following day.
In checking the date of shipment and weather conditions
against the claims, some significant facts are found. Sixteen claims
were filed for improper refrigeration, with 14 from New York
and vicinity. A further check on these 16 cars shows that 8 were
picked during rainy weather when the berries are very tender and
6 were picked on days with temperatures above 80° F. Three
claims for overripe, poor-condition fruit were filed. A check on
these three cars shows picking was done during or immediately
after heavy rains when temperatures were above 80° F. and the
berries were soft and tender.
Too much refrigeration or frozen berries were involved in
three claims. One car arrived in Montreal when the daylight tem-
perature there was 35° F.
The value of claims charging insufficient refrigeration in 1939
was slightly more than 10 times that of claims made on frozen















Fig. I.—Precooling of Strawberries in express car Penn. 2728 at Ponchatoula,
La., April 25, 1939. Four hundred (400) pounds of Grade A salt and 3600 pounds
of water ice were used in precooling. Car was shipped to Montreal, Canada, and
was in transit 64 hours. Montreal inspection showed 12 per cent cups with one
to three moldy berries per cup, balance firm and ripe. Average Montreal tem-
peratures showed berries in top crates 38° F. and in bottom crates 34° F.
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lower than the present 45° F. would aid in reducing the claims
for not enough refrigeration.
No claims were filed on any test car in which the strawberries
had been precooled to a doorway temperature of 38° to 42° F.
Of the 86 claims filed, 40 charged defective railroad equipment.
Investigation of weather records showed that the berries in 19 of
these 40 cars were picked during or immediately after heavy rains.
Two cars were partly loaded, held over to complete the load, and
shipped the second day. Two cars were shipped as "5 to 20 per
cent defective, not over 85 per cent U.S. No. 1" during the first
two days of the season. These same two cars were used on later
dates without complaint, so it would seem that causes other than
equipment were responsible for the damages. It should also be
noted that 33 of the 40 defective-equipment claims were filed from
New York and Philadelphia.
The temperatures of the berries in the various parts of the
cars, hours in transit, and arrival conditions of the berries are
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Hours of pfecoof/tt^
Fig. 3.—Precooling of strawberries in express car M. P. 3397 at Ponchatoula,
La., April 14, 1939. Three hundred pounds of salt and 2100 pounds of ice were
used in precocling. Car was shipped to Milwaukee and was in transit 39^ hours.
Milwaukee inspection showed berries in all layers generally ripe and firm with
no decay. Temperatures: doorway bottom, 38° F.; top, 44° F.; quarter bottom,
38° F.; top 44° F.; bunker bottom, 35° F.; top, 43° F.
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Salt
During the 1938 precocling season it was observed that five dif-
ferent grades or sizes of salt were being used by the precoolers.
Two damage claims for salt on top of the crates in the cars were
filed against the Railway Express Company. Number 2 rock salt,
very coarse, is the grade used by the railroads for pre-icing and at
re-icing stations. In order to determine the best grade of salt for
precooling, a test was made on a model refrigerator car, one-
fourth size, using 3 per cent salt of the various grades with ice.
It is desirable to get an air blast as low as possible without
freezing and as quickly as possible after starting the precooling
fans. As is shown by Figure 4, the A and C grades of salt are
preferred for their early low temperatures ; in tests the tempera-
tures obtained from these grades were still below those obtained
from No. 1 and No. 2 rock salt at the end of two hours. For the
1939 season about 80 per cent of the salt used was of an A grade.
Salt on top of the crates inside of the cars more than likely is
caused by precoolers turning on their fans before the salt has been
added and thus drawing some of the fine salt through the fan as
it is added. This was observed to be the case in one mstance.
The general rule is to add 200 pounds of salt per car early in
the season when the temperature of berries is below 65° F. Three
hundred pounds of salt per car are used when berry temperatures
are from 65° to 70° F. With berry temperatures above 80° F.,
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A^inutes after starting Fan
Fig. 4 —Air blast temperature, for four grades of salt on ice.
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Dry Ice (Carbon Dioxide)
In laboratory tests with strawberries, Brooks and associates
(2) found that carbon dioxide concentrations of 10 to 13 per cent
had little effect on checking Rhizopus or Botrytis; 17 to 19 per
cent carbon dioxide had a checking effect equivalent to a drop
of 18 degrees Fahrenheit in temperature ; and 23 per cent concen-
tration of carbon dioxide completely checked all growth at lower
temperatures. Slight injury to taste was noted in a few samples
with higher concentrations over prolonged periods. With carload
shipments, the same workers found that approximately 500 pounds
of solid carbon dioxide would give concentrations of 22 per cent
in the first few hours after closing the car. However, these con-
centrations fell off very rapidly to 2 per cent in 30 hours regard-
less of the original amount of solid carbon dioxide used.
Table 3. Per cent concentration of carbon dioxide in four test
cars.
Pounds Hours after carbon dioxide added to car
carbon —
dioxide 3% 6%' 8% 12% 14% 18% 20% 24% 28% 30% 32% 48%
283 9.5 . . 6 5 5
319 .. .. 13-17 .. 10 .. 5 .. 2
798 30 ..17 8 2
1084 22 15 10 6 2
In a test made by Brooks (2) it was found that a car contain-
ing no carbon dioxide showed two and one-half times more Botry-
tis and 20 per cent more Rhizopus at destination than did the car-
bon dioxide cars. The carbon dioxide cars also showed 26 per cent
fewer berries too soft for marketing as compared to cars with no
carbon dioxide.
Several arrangements have been tried in an effort to obtain
uniform distribution of the carbon dioxide throughout the car.
Placing the solid carbon dioxide in 50-pound cakes in the water
ice after precooling is a
doubtful procedure. The
possible concentration may
be cut down materially by
the volatile carbon dioxide
uniting with the water
from the melting ice when
the two are placed in di-
rect contact with each
other.
Dry ice (carbon dioxide,
or CO2) was used experi-
Fig. 5.—Two 50-pcund cakes of dry ice mentally On two Cars in
added to each hatch with water ice. 1938 and three cars in 1939
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shipped from the Louisiana strawberry district to northeastern
markets. The carbon dioxide was used in addition to the water ice
in an effort to reduce deterioration and, if possible, ship through
to destination without re-icing.
Two cars were checked during precooling on April 4, 1938, and
shipped—one under water ice plus 1000 pounds of dry ice in ceil-
ing bunkers (REX 1162, Figure
7) and in re-icing in transit,
and the other with standard re-
frigeration and re-icing in tran-
sit. A third car (REX 222, Fig-
ure 7) was checked during pre-
cooling on April 16, 1938. After
precooling was done, 600 pounds
of dry ice were placed in special
auxiliary bunkers inside the
water ice bunkers with 4200
pounds of water ice. This car
was sealed and shipped to New
York City. The results on this
test are shown in Table 4.
From a study of Table 4 it
will be noted that the cars with
dry ice plus water ice were
shipped through without re-
Fig. 6.-Speciai dry ice bunkers at- icing in
transit and arrived in
tached to ceiling of car. fair condition. The car in which
1,000 pounds of dry ice were used, with water ice, arrived
in
somewhat better condition than the car using only 600 pounds of
dry ice plus water ice.
In April, 1939, three identical refrigerator cars which had just
been repaired were selected for another test with dry ice. These
cars were pre-iced, loaded at the same time, and then precooled.
One car was shipped under standard refrigeration (no dry ice),
and the second and third with 400 pounds of dry ice per car. The
results of this test are shown in Table 5.
It will be noted from a study of Table 5 that one car with
dry ice plus water ice arrived at market with a lower temperature
and with berries in better condition than a check car, without
dry
ice, which was in transit the same number of hours.
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Table 4. Loading, transit, and arrival conditions on three test
cars
Conditions REX 1162 NRC 484 REjX 222
rccingcrant 1000 lbs. CO2 water
ice, car sealed. to destination.
ouv 1U&. K^Kj^j water
ice, car sealed.
Temperature (de-
.gtees F.) of ber-




Bunker ,41 41.5 48
Quarter 50 48 56
Doorway 39 40 44
Temperature at
destination (de-
grees F.) 37 to 40
36 to 42* 32 to 37 37 to 47




55 hours to New





of the usual running.
Berries firm, prac-
tically no decay.
Decay 0 to 7%,
average 2 % , gray
mold rot, and Rhiz-
opus in early and
semi-advanced
stages.
*A water ice car that arrived in Cleveland from the Louisiana district at the same time
as REX 1162; this car, however, was not checked during precooling.
80
F/V. A.M. PM. /r.Af
Fig. 7.—Dry ice car temperatures in transit.
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Table 5. Loading, transit, and arrival conditions of three test
cars in 1939.
Conditions
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occasional berry witt
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most crates, less than
1 to 2% soft, few
crates 3 to 4% soft,
occasionally 5 to 6%
soft. In most crates
2 to 3% decay, few
crates 1%, occasion-
ally 4 to 5%.
Truck Shipments
Truck shipments of strawberries from the Louisiana section
increased markedly during the 1940 season with shipments being
made to Dallas, Fort Worth, Little Rock, Kansas City, St. Louis,
Colorado Springs, Chicago, Detroit, and Canadian points. Ship-
ments of strawberries by truck in 1940 from Louisiana equaiied
149 carloads, or 6.29 per cent of the total number of berries
shipped.
Strawberries were trucked without precooling to Little Rock,
Dallas, and Fort Worth. Refrigeration for these hauls was fur-
nished by 500 to 800 pounds of ice and 10 per cent salt, the brine
formed by the ice and salt being forced through a series of coils.
A
fan back of the coils forced a cold blast of air through the
loaded
truck
A truckload of mixed vegetables and 252 crates of strawberries























































































































































































































































































































































































































































































berries. This truckload was not precooled, refrigeration m transit
being furnished by approximately 1000 pounds of ice distributed
through the vegetables and in a metal bunker. The moldy berries
may no doubt be traced to the close stacking of the crates and lack
of proper ventilation.
Other truckloads were precooled to an average of 36° to 41° F.,
arriving at markets 36 to 50 hours after shipping with an average
temperature of from 38° to 43° F. A portable mechanical refrig-
eration unit mounted on a truck and having a refrigeration ca-
pacity of approximately 40 tons was used for precooling the truck-
loads of strawberries. The general charge for this service was
$12 50 per truckload. Ice and salt were used m the trucks with
pumps and fans circulating the cold air. A direct expansion re-
frigeration system was also used to furnish refrigeration needed
in transit.
The shipment of strawberries by trucks allows a more flexible
and wider distribution than is obtained by express. Some ot the
comments obtained in a canvass of commission merchants were
:
''Truck berries did not carry quite as well as those
received
by express, but we were able to handle and market the berries to
a good advantage."
''The berries in the front end of the truck were in good shape
and properly refrigerated, while those in the rear of the
truck
showed more ripeness and shaking up."
In the study of truck shipments the data from six representa-
tive trucks is concisely shown by Table 6.
SUMMARY AND RECOMMENDATIONS
The investigations on strawberry precooling covered in this
report were conducted during the 1938, 1939, and 1940 seasons.
Precooling in the test cars was accomplished by fans placed m
each end of the car at the top bunker grill.
Virtually all of the express carload shipments of
strawberries
from Louisiana are precooled, owing to a substantial increase
m
price for such berries, plus the fact that less loss due to
decay m
transit is sustained when berries are precooled. Almost all ot tne
precooling in the Louisiana strawberry section is done with
tans
attached to the top bunker grill at each end of the car.
However,
portable mechanical refrigeration units, which are mounted
on
trucks and have a refrigeration capacity of 40 tons,
have been
used to a limited extent. . .
The more advanced the berries are in color and maturity, at
the time of picking, the greater is the need for
precooling. The
ripening process continues after harvesting and may even be
accelerated, depending on surrounding temperatures.
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The Louisiana State Market Commission requires a maximum
temperature of 45° F. in order for a car to be listed as "precooled."
A precooled temperature of 45° F. is satisfactory early in the sea-
son; but as the weather becomes warmer and rainy weather re-
sults in tender berries, a precooled temperature of 38° to 40° F.
is recommended.
A precooled temperature lower than the 45° F. now used would
aid in reducing claims for insufficient refrigeration. No claims
were filed on any test car in which the strawberries had been pre-
cooled to a doorway temperature of 38° to 42° F.
Refrigerator cars are often opened as early as nine o'clock in
the morning for loading and not finished until four in the after-
noon. This allows the car to warm up from 40° F. to 65° or
70° by the time loading is finished. Each association should en-
deavor to finish the first car started as quickly as possible.
It is doubtful if the use of salt for pre-icing has any value
when the refrigerator car is left open for several hours in loading.
Labeling of crates should be performed at home, as this slows
up loading and puts an extra man in the car.
Refrigerator-car loading crews should be experienced and
closely supervised.
In order to secure a more uniform temperature throughout the
car, the air delivery tube on the precooling fan should not extend
beyond the fourth tier from the bunker.
Precooling fans should be turned off when salt is being added
to the car, since there is danger of fine salt being drawn through
the fans and deposited on crates of berries when salt is added with
the fans in operation.
A-grade salt should be used for precooling periods of one to
four hours.
By utilizing a combination of water ice and dry ice, a car may
be shipped to distant points without stopping for re-icing in
transit.
Satisfactory shipment of strawberries by motor-refrigerated
trucks to distant markets is now possible. More attention, how-
ever, needs to be given to the bracing and refrioferation of the
tiers of crates in the rear of the refrigeration trucks.
Truckloads of berries precooled to 36° to 41° F. with portable
mechanical refrigeration units arrived at markets 36 to 50 hours
after shipping with temperatures of from 38° to 43° F. A direct
expansion refrigeration system was used in some of these trucks
to furnish refrigeration needed in transit. In other trucks the
refrigeration in transit was provided by the use of pumps and fans
circulating cold air over ice and salt.
Shipment of berries by trucks allows a more flexible and wider
distribution than is obtained by railway express.
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